Circulating microRNA (miRNA) are promising biomarkers for diagnosing and prognosticating numerous diseases. Reports have demonstrated controversial or even contradictory conclusions in studies on circulating microRNA. This study aimed to evaluate the potential bias of using different reference genes for analyzing circulating microRNAs in the same malignant digestive diseases.
Background
MicroRNAs (miRNA) are the most promising disease biomarkers in plasma. They are 18-22 nucleotide-long, single-stranded RNA molecules that regulate gene expression and influence the physiologic and pathologic processes of cells. MicroRNA deregulation plays an important role in the disproportionate proliferation and suppressed apoptosis of malignant cells. Abnormal microRNA expression has been demonstrated in numerous diseases, including tumors [1] . Serum microRNAs are highly stable under harsh conditions, including heating, pH alteration, extended storage, and freeze-thaw cycles, without any significant differences compared with untreated serum samples [2] [3] [4] . Therefore, plasma/serum microRNAs are the next generation of serum markers for disease diagnosis, prognosis, and therapy, especially for various cancers [5] [6] [7] . However, studies on circulating microRNA have demonstrated controversial or even contradictory conclusions, even for the same disease. For example, let-7a is reportedly decreased in GC patients [8, 9] , but it is increased in hepatocellular carcinoma (HCC) [10] , and could be used as reference genes in cervical tissues [11] . Researchers have not established a consensus on whether miRNA-21 distinguishes HCC and other malignant tumors from benign liver diseases and healthy individuals [12] [13] [14] [15] [16] [17] .
The expression levels of a target gene in samples is usually determined by quantitative real-time PCR (qPCR) and normalized to a reference gene, which allows adjusting the variations in measurements of different samples. The ideal reference gene remains at consistent levels in all detected samples, irrespective of the disease states, thereby allowing samples to be compared even with different quantities or qualities. Using improper reference genes for normalization can result in evaluation bias during data analysis. To our knowledge, there is no current consensus on the use of reference genes in qPCR to analyze circulating microRNA. Aside from ethnic and individual differences and the inconsistent disease process and/or activity, the lack of a unified reference gene and uniform rules for selecting reference genes may explain the lack of consensus [15] . In this study, we aimed to evaluate the potential bias of using different reference genes for analyzing circulating microRNA in patients with HCC and GC and their corresponding healthy controls. Consequently, we detected and analyzed microRNA, such as miRNA-106a, miRNA-16, miRNA-221, miRNA-219, let-7a, miRNA-155, miRNA-21, and the commonly used reference gene U6-snRNA.
Material and Methods

Sample collection
Randomly selected plasma samples were routinely collected from patients at the Changhai Hospital between 1 January 2012 and 31 July 2012. Venous blood was collected in EDTA anticoagulation vacuum tubes before any medical treatment. Samples were then centrifuged (10 min, 2500 g), separated, and then stored at -80°C within 2 h until analysis. This study cohort included 120 individuals, including 30 patients with non-metastatic HCC (18 males, 12 females; median age 60, range 39-76 years), 30 gastric cancer patients without metastasis (GC, 16 males, 14 females; median age, 58 range 39-78 years), 20 patients with hepatic cirrhosis (11 males, 9 females; median age 60, range 38-72 years), 20 patients with hepatitis B (11 males, 9 females; median age 59, range 36-69 years), and 20 healthy volunteers (11 males, 9 females; median age 58, range 38-75 years). Samples of patients with hepatic cancers and gastric cancers were all collected before surgeries. All these cancers were diagnosed pathologically and without metastasis. No positive serum or nucleic acid indicators of other types of hepatitis viruses were detected. Patients with primary hepatic cancers were all of HCC and had histories of hepatitis B virus with serum test results of small 3 positives (positive HBsAg, HBeAb, and HBcAb) or big 3 positives (positive HBsAg, HBeAg, and HBcAb), regardless of positive or negative serum hepatitis B virus DNA. Age-and sex-matched gastric cancer patients served as a cancer control group, who were without histories of hepatitis B, other types of hepatitis, or hepatic cirrhosis. Pathological types of gastric cancers were all adenocarcinomas or undifferentiated carcinomas. Patients with hepatic cirrhosis were all diagnosed clinically and had histories of hepatitis B rather than other types of hepatitis. They were all age-and sex-matched with the hepatic cancer group. Patients with hepatitis B virus were diagnosed via quantitative tests of hepatitis B virus DNA and were all age-and sex-matched with the hepatic cancer group. Written informed consent was obtained from each subject, and the study was approved by the local ethics committee.
RNA isolation, reverse transcription, and quantitative realtime PCR An Applied Biosystems stemloop RT/PCR kit (AB) and TaqMan microRNA Assays were used to detect and quantify selected mature microRNA from fresh-frozen samples using sequencespecific primers from the TaqMan Assay Plates. All PCR experiments were carried out on an ABI Prism 7900HT (Applied Biosystems, USA) in 384-well plates. The specificity of the PCR products was confirmed through melting curve analysis. Each run also included water blanks and genomic DNA as negative controls.
Data analysis
The Cq values from triplicate wells of each sample were used to calculate intra-assay precision, and PCR amplification efficiency was determined as previously described [15] . The stabilities of candidate reference microRNAs were evaluated using RefFinder, a user-friendly web-based comprehensive tool for evaluating and screening reference genes from extensive experimental datasets. RefFinder integrates the currently available major computational programs (GeNorm [18] , Normfinder [19] , BestKeeper [20] , and comparative delta-Cq method algorithms [21] ) to separately and comprehensively compare and rank the tested candidate reference genes (http://www.leonxie.com/referencegene.php?type=reference) [15] . The expression of the target microRNAs relative to those of selected normalized was calculated using the DD Cq method, as previously described [22] . When normalized to serum volume, the average Cq values for each of the microRNAs in all 120 samples were used as references in the DD Cq. Statistical analyses were carried out using the Kruskal-Wallis test on GraphPad Prism 5.01.
Results
Characteristics of candidate reference genes quantified by qPCR
Based on literature screening, we used the small nuclear RNA U6-snRNA and 7 microRNAs (Table 1) . Let-7a, U6-snRNA, miR-NA-21 miRNA-106a, miRNA-221, and miRNA-16 were used as reference genes to normalize the circulating microRNA data from published articles [14, 15] . We evaluated miRNA-219 and miRNA-155 simultaneously, together with the candidate reference genes supposed to be analyzed as target genes when different normalization strategies were compared in this study. The expression levels of these genes were determined using TaqMan qPCR assays, as described in the Methods section. All of the qPCR assays showed high amplification efficiency and low intra-assay variations (Table 1) . However, the lower copy number when using plasma resulted in lower but acceptable intra-assay precision for miRNA-221 and miRNA-219 (Table 1) .
Evaluation of expression gene stability in plasma
We also investigated whether a single gene could serve as a reference for the different genes among all the patients and control volunteers. All 8 genes were measured separately in the 120 samples. The 8 microRNAs exhibited wide expression ranges, with Cq values between 17.19 and 37.89, as shown in Figure 1 . The expression levels of miRNA-219 and miRNA-221 were relatively low, with mean Cq values of 35.93 and 36.30, respectively. According to the Cq values, the candidate reference microRNAs did not significantly differ among HCC, hepatitis B, hepatic cirrhosis, GC patients, and healthy controls (P>0.05).
The expression stability of microRNAs and U6-snRNA was then tested using 4 well-established, complementary statistical methods for selecting reference genes (GeNorm, Normfinder, BestKeeper, and the comparative DCq method) integrated using the RefFinder software. RefFinder exports the individual stability values of each gene designated by the 4 algorithms, and calculates the comprehensive gene stability of specific candidates as the final stability value. Lower stability values indicate higher expression stability. When the selected genes were evaluated separately in each group, all these algorithms demonstrated highly consistent gene stabilities (Table 2) . miR-NA-21, let-7a, and miRNA-106a were the most stable microRNAs among patients with malignant or benign diseases and among the healthy controls, although different stability values were obtained because of different algorithms. The more stable microRNAs in patients with different disease were also highly stable in the healthy controls. Interestingly, the commonly used U6-snRNA was consistently the least stable gene in all groups. The similarity of the stability profiles among patients and healthy controls provided evidence for further analysis.
We re-analyzed the data from the 120 samples using RefFinder to identify the reference microRNAs suitable for both patients (Table 3) . GeNorm, however, indicated that miRNA-16 was slightly more stable than miRNA-21. Let-7a, more stable when separately analyzed in the patients and the healthy controls, was less stable than miR-NA-106a and miRNA-16. miRNA-221 and miRNA-155 were the least stable microRNAs. U6-snRNA was confirmed as unstable 
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Different reference genes affect the variation profiles of the target microRNA in plasma
We also examined the effect of different normalizers on the expression profile of target microRNA. We compared 5 normalization strategies to evaluate the potential bias in the quantitative analyses of circulating microRNA. We selected U6-snRNA, miRNA-106a, miRNA-21, and the geometric mean of miRNA106a and miRNA-21 as reference genes. Normalizing with the serum volume, the once commonly used normalization strategy was also evaluated in this study. The remaining microRNAs, let-7a, miRNA-16, miRNA-219, miRNA-221, and miRNA-155, were selected as target microRNAs and quantified via the DD Cq method using 5 different standardized strategies. Slight differences in let-7a expression were observed between the patients and the normal controls ( Figure 2 ). However, selecting miRNA-106a for normalization revealed the higher let-7a expression in the GC patients compared with the healthy controls. All 5 normalization methods indicated that miRNA-16 is less expressed in the patients than in the normal volunteers. Normalization using U6-snRNA, however, barely detected the statistical differences discovered using the other 4 methods. Although they had different degrees of variation, all 5 methods indicated that miRNA-155 is sharply upregulated in the plasma of patients with malignant tumors, especially GC patients, but downregulated in benign liver diseases. The different normalization strategies also provided different statistical expression profiles for miRNA-221 and miRNA-219 between patients and healthy volunteers. The obvious bias cannot be eliminated, even when the geometric mean of the 2 most stable reference microRNAs (miRNA-106a and miRNA-21) was used as reference. These results demonstrate unexpected bias and erroneous disease research using commonly accepted reference genes, such as U6-snRNA. In addition, the results show that erroneous interpretations of the target gene variation cannot be completely avoided, even when using the reference genes recommended by professional screening software for individual or comprehensive candidate reference genes.
Discussion
Accurate microRNA determination is an essential step in understanding their functional significance in physiologic and pathologic processes, as well as in using them as biomarkers for diagnosing and prognosticating various diseases and for evaluating therapeutic effects. Studies on circulating microR-NA as a new generation of non-invasive biomarkers have increased rapidly after a tumor-associated microRNA was first found in the serum of patients in 2008 [23] . Relative qRT-PCR is a fast and reliable method for detecting subtle but meaningful variations in microRNA levels in different populations, but it requires stably expressed endogenous genes as internal references [24] . "Classical" reference genes, such as 5S and U6-snRNA, are always used in relative quantification [25] . However, the suitability of "classical" reference genes needs to be verified, with the recently increasing number of controversial views [14, 15, 24, 25 ]. An increasing number of studies have reported different results using the same target genes in the same diseases, with the use of different individual reference genes as a potential cause [14, 16, 17] .
In this study, we first reviewed the published literature and selected microRNAs used as reference genes in different laboratories. In addition to U6-snRNA, let-7a has been used as a reference gene in breast cancer and colorectal cancer studies, miRNA-106a has been used in kidney cancer patients, and miR-NA-16 and miRNA-221 have recently been identified as suitable reference genes for analyzing serum/plasma microRNA in GC and B cell lymphoma patients [15, 23] . We also used target microRNAs that might be distinctly expressed in the plasma of HCC patients, patients with benign liver disease, and healthy persons. Patients with GC were also enrolled as tumor controls to evaluate the stability of the reference genes in different cancers and the specificity of the target microRNAs. We evaluated whether these suggested reference genes are stable in a single experiment system and determined the potential bias of selecting these suggested reference genes for detecting these target microRNAs. The stability of the selected genes was evaluated using RefFinder, which integrates 4 commonly used complementary statistical approaches (GeNorm, Normfinder, BestKeeper, and comparative deltaCq method algorithms).
Although miRNA-106a is unsuitable as a reference gene for prostate disease [14] and miRNA-21 was a marker for necroinflammatory activity with or without HCC [13] , RefFinder revealed miRNA-106a and miRNA-21 as the 2 most stable reference genes for plasma microRNA analysis among patients with benign or malignant hepatic diseases, GC patients, and healthy controls. The effects of different reference genes on target genes are then shown using the remaining microRNAs. Previous studies have proposed the use of global expression means (using the same volume of liquid sample) [15] , small RNAs (such as U6-snRNA and 5S-RNA) [25] , or microRNAs to normalize microRNA expression. In this study, we compared the 3 commonly used strategies in the same detection system. Different normalization strategies demonstrated obvious expression bias in almost all the target microRNAs, even when the 2 most stable reference microRNAs were used. For example, let-7a was reportedly downregulated in the plasma of GC patients [9] , but increased in HCC patients [10] . In our data, however, we detected a slight difference in the expression of 621 
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To the best of our knowledge, no widely recognized rules for normalization strategy have been established. Thus, we need to determine whether these "reference genes" are constantly expressed in the blood of healthy individuals and in patients with different diseases. We also need to verify whether these commonly used and reported "reference genes" undergo the same biological procedure with target genes and minimize the discrimination of operation efficiencies during extraction, reverse transcription, and amplification. Our data, as well as those of other studies, indicate that these "reference genes" are not always constantly expressed and do not undergo the [26] . In the current study, however, all 5 normalization methods demonstrated decreased miRNA-16 expression among patients with malignant disease and those with benign disease. The different lengths of small RNAs compared with microRNAs also resulted in divergent efficiencies in microRNA extraction, reverse transcription, and amplification [27] . Moreover, normalization can be difficult between microRNAs themselves if microRNAs originate from different extracellular transport systems (e.g., ago-bound versus exosomal), in which the stability of the microRNAs are different [23, 28] . The divergent expression of commonly used reference genes indicates that reference genes cannot be simply transposed from one study to another without validating the specifics in each experimental system. Recently, several software packages, such as GeNorm, Normfinder, BestKeeper, and the comparative DCq method, constructed using different algorithms, were adapted to evaluate and determine the most suitable reference genes [15, [18] [19] [20] [21] . However, the reference gene selected by the software did not perform as well as expected because different laboratories always screen out different suitable reference genes or reference gene combinations, and the reference genes selected in one laboratory are not always used correctly in other studies [15, 24, 25, 29] . As shown in our data (Table 3) , different evaluation software packages recommend different reference genes, even in the same experimental system. Therefore, when properly selecting and using the appropriate reference gene evaluation software, uniform guidelines to obtain reliable and comparable relative quantification of circulating microRNA are also needed. miRNA-155 is highly expressed in gastric and hepatic cancer tissues [30, 31] , but downregulated in gastric cancer cells [32] .
Intriguingly, all 5 normalization strategies in this study indicated that plasma miRNA-155 is greatly upregulated in patients with malignant liver and gastric tumors, but downregulated in those with benign disease compared with those in healthy volunteers. The significant variation in miRNA-155 expression between malignant and benign disease indicates a promising clinical application in diagnosing and treating different tumors. However, further studies are needed to confirm these results in larger clinical samples.
Conclusions
In summary, although relatively small samples were included in this study, our research confirmed bias and erroneous results in the relative quantification of circulating microRNA using qPCR when unsuitable reference genes were used. The "classical" reference genes and those used in other studies cannot be used directly in new studies without validation. For the first time, we compared and found that the commonly used statistical evaluation software for reference genes may not always give consistent recommendations, and thus need applicable guidelines. Finally, a consensus should be reached on selecting reference genes before circulating microRNAs are further quantified using relative qPCR for any purpose, to avoid the continued emergence of divergent and contradictory conclusions in studies on microRNA. As an alternative, using justified reference genes (e.g., the geometric mean of multiple carefully selected reference genes as described in our study and others [18] ) might more accurately describe qPCR expression profiling of plasma miRNA. The absolute quantification, however, of circulating microRNAs with synthetic microRNAs [9] using qPCR may be the final solution. We are the first to report that circulating miRNA-155 is greatly upregulated in the plasma of patients with liver and gastric malignant tumors, but downregulated in benign hepatic disease, which may be a promising non-invasive biomarker for malignant tumors.
